OBJECTIVE: To determine the relationship between cardiac size and various measures of adiposity in children and the occurrence of coronary fatty streaks in relation to childhood obesity. DESIGN: A retrospective study based on 210 medico-legal autopsies of 5±15 y old children who had suffered violent death in the Province of Oulu, Finland, in 1970±1995. METHODS: Autopsy reports with attached clinical data and police records were recovered from the archives of the Department of Forensic Medicine, University of Oulu, Finland. All 5±15 y old individuals who had died of external trauma and were not documented as having had any chronic illnesses were chosen for investigation. The following data were extracted from the papers: age, sex, height, body weight, heart weight, liver weight, total weight of the kidneys, thickness of the abdominal subcutaneous fat and description of the coronary arteries. Heart weight was indexed to height 2.7 , and liver weight and kidney weight were indexed to body weight, body surface area and height. The ponderal index (body weight/height 3 ) was calculated, and relative body weight was determined as the percentage deviation of the weight from the mean weight for height according to a growth chart developed for Finnish children. RESULTS: The average absolute heart weight and heart weight/height 2.7 were signi®cantly higher in the boys than in the girls over 12 y of age. Abdominal subcutaneous fat was thicker in the girls, but there were no signi®cant differences in the other indicators of obesity. After adjusting for age, there were signi®cant positive correlations between the ponderal index and heart weight/height 2.7 in both the boys (P 5 0.000) and the girls (P 5 0.038), between relative body weight and heart weight/height 2.7 in the boys (P 5 0.000) and the girls (P 5 0.027), and between abdominal subcutaneous fat thickness and heart weight/height 2.7 in the boys (P 5 0.045) but not in the girls (P 5 0.234). Multiple linear regression analysis showed the ponderal index to be a signi®cant predictor of heart weight/height 2.7 . Coronary intimal fatty streaks were documented in six individuals (2.9%), ®ve of them having a ponderal index above the average and all of them having a relative weight above the average. Kidney weights were higher in the boys and were positively correlated with the measures of obesity and with heart weight/height 2.7 . CONCLUSIONS: The results point to an important role of excess body weight and adiposity in the development of early myocardial and coronary changes in childhood: coronary fatty streaks were not found at all in the leanest individuals in this relatively large group and the cardiac size adjusted for body size indicated hypertrophy with increasing adiposity. Prospective autopsy studies are needed in order to determine whether adiposity and the regional distribution of fat, especially intra-abdominal fat accumulation, are associated with the earliest signs of myocardial hypertrophy and the initial phase of lesion development in the arterial intima of children.
Introduction
Many cardiovascular risk factors are reported to be associated with early signs of arterial and cardiac pathology. Serum lipoprotein levels, blood pressure and smoking are known to be associated with the presence of early atherosclerotic lesions among adolescents and young adults, 1, 2 and adiposity has been positively linked with resting blood pressure in childhood and adolescence. 1, 3 The results of P¯ieger et al 4 indicate that overweight 6±15 y old children had higher resting systolic and diastolic blood pressures, heart rates, cardiac output and stroke volumes than non-overweight children, and echocardiographic ®nd-ings have shown that overweight children have greater left ventricular mass indexed to height 2.7 than lean ones. On the other hand, Goble et al 5 reported that body weight is a strong predictor of left ventricular mass but adiposity is not, that body fat is negatively associated with left ventricular mass in 11 y old children, and that boys have a greater left ventricular mass than girls. Burke et al 6 reported that males aged from 7±22 y have a signi®cantly higher left ventricular mass when adjusted for body surface area and ponderosity (body weight/height 3 ) than do females. According to the study of Daniels et al 7 both lean body mass and fat mass have a statistically signi®cant independent association with left ventricular mass, but the lean body mass is the strongest determinate of left ventricular mass in both sexes. Urbina et al 8 concluded that obesity is a signi®cant risk factor for developing left ventricular hypertrophy in young individuals.
The upper body or abdominal type of obesity is a characteristic feature of the metabolic syndrome, or insulin resistance syndrome, which is a well-known combination of cardiovascular risk factors. 9 Obesity has been reported to correlate positively with serum insulin even in childhood, 10, 11 and it has been suggested that the metabolic syndrome may already exist in children. 11 Since there appears to be a lot of clinical evidence for deleterious effects of childhood obesity on the cardiovascular system, it would be of great importance to know the actual degree of obesity-related arterial and myocardial pathology to be found in children. Newman et al 1 reported that coronary or aortic fatty streaks in 35 autopsied persons with a mean age of 18 y (the majority being 15±19 y) were not related to obesity, but larger autopsy surveys on the cardiovascular system in children are few in number and have not concentrated on the effects of childhood obesity or body fat distribution patterns. Pesonen et al 12 measured narrowings in the coronary arteries of infants and 1±16 y old children who died accidentally, and concluded that intimal thickening was a morphological manifestation of a hereditary predisposition to coronary disease. They did not quote any measures of adiposity, however. Likewise, Hirvonen et al 13 reported that cholesterol esters start accumulating in the coronary arteries before the age of 10 y, but again presented no measures of body fatness.
The present retrospective study was designed to investigate early signs of myocardial hypertrophy and coronary pathology in relation to body fatness in a relatively large autopsy series of children under 15 y of age. Special attention was directed towards normalization of heart size to body size in order to minimize errors in estimating the impact of obesity on the heart. In order to obtain a general picture of the relationship between childhood obesity and early signs of coronary pathology, the incidence and extent of intimal fatty streaks documented in autopsy reports was investigated. This retrospective study was based on 210 autopsies of 5±15 y old children who had died suddenly from violent causes and had been documented as otherwise healthy.
Materials and methods

Subjects
The material was collected from the archives of medico-legal autopsies performed at the Department of Forensic Medicine, University of Oulu, Finland, during the period 1970±1995, and comprised 210 children aged from 5±15 y who had been autopsied after death from violent causes. Most of the cases were traf®c accidents, followed by other mechanical traumas, drownings, homicides and a small group of suicides among older children. The individuals were not documented as having any clinical diagnoses of chronic diseases, nor were any diseases found at autopsy, and they were not reported to have used any medication or consumed alcohol or illegal drugs. The autopsy protocols with attached medical records and police records were examined and all data were collected on age, sex, height, body weight, abdominal subcutaneous fat thickness, heart weight, liver weight, sum weight of the kidneys and the state of the coronary arteries.
To ®nd out the effect of sexual maturation on the cardiac size the male and female groups were further divided into two subgroups: from 5±11 y of age and from 12±15 y of age. Evidence of sexual maturation had not been recorded well enough in many of the autopsy reports, and therefore the individuals under 12 y of age (average time of puberty) were considered as prepubertal.
Measures of obesity
The ponderal index (body weight/height 3 ) was used as a measure of obesity rather than the body mass index (Quetelet index: body weight/height 2 ) because it is less closely correlated with height. 14, 15 Relative body weight was determined as the percentage deviation of weight from the mean weight for height according to a growth chart designed for Finnish children by Sorva et al. 16 The thickness of the abdominal subcutaneous fat had been measured at the umbilical level according to the routine autopsy protocol and was indicated in millimetres in the autopsy reports. No other fat tissue measurements had been made at any of the autopsies.
Allometric relations of heart weight
Heart weight was expressed in grammes in the autopsy reports. According to the routine autopsy protocol, the heart had been removed by cutting through the aorta and the other great vessels just above the level of the aortic valve, washed and weighed fresh. The heart weight was indexed to height 2.7 for the present purposes in order to reduce the errors caused by body size when estimating the effect of overweight on heart size. According to de Simone et al 17 the left ventricular mass obtained by echocardiography and indexed to height 2.7 is the best method for normalizing left ventricular mass to body size. No chamber partition had been performed at the autopsies, but as the hearts were not documented as showing any abnormalities, and as the total heart weight is known to be associated with left ventricular mass, 18 this modi®cation was considered suitable for the purposes of this study.
Liver and kidney weights indexed to body size
The liver weight and the total weight of the kidneys were indexed to body weight, body surface area and height. The weights of the other internal organs were not included here because of the changes related to the cause of death, for example the increase in lung weight associated with drowning, or contusion haemorrhages and oedema in brain tissue. Liver and kidney weights were used only for those cases in which no severe injuries were documented in these organs (liver: 191 cases, kidneys: 179 cases).
Statistical analysis
All the analyses were performed using Statistical Package for the Social Science software. 19 Since the distributions of most of the variables were slightly skewed, logarithmic transformations were used when needed. Student's t-test was used to compare the means for the male and female groups. Partial correlation coef®cients with age as a covariate were computed between heart weight indexed to height and the various measures of obesity, including ponderal index, relative body weight and abdominal subcutaneous fat thickness. Partial correlation coef®cients were also calculated between liver/kidney weight and the measures of obesity and heart weight/height 2.7 . Multiple stepwise linear regression analysis was performed in order to see which of the measures of adiposity would be the best predictor of cardiac hypertrophy in the male and female subjects separately. The regression model included heart weight/height 2.7 as a dependent variable and age, ponderal index, relative body weight and abdominal subcutaneous fat thickness as independent variables. The signi®cance level for entry was 0.05 and for removal 0.10. Stepwise linear regression analysis was also performed to determine whether relations of heart weight/height 2.7 and kidney/height or liver/height were independent of age, gender, height and measures of adiposity.
Results
Height, weight and adiposity
Statistics descriptive of the individuals are presented in Table 1 . The average age was exactly the same for the boys and girls under 11 y of age and the mean values for height, weight, ponderal index and relative body weight did not show any statistically signi®cant differences. Girls had signi®cantly more abdominal subcutaneous fat than boys, however. In the older agegroup the girls had also more abdominal fat, but no other signi®cant differences existed between the sexes.
Cardiac size
The average absolute heart weight and heart weight indexed to height 2.7 were signi®cantly greater in the boys than in the girls over 12 y of age, but there were no signi®cant differences between the sexes in the younger agegroup (Table 1) .
Size of liver and kidneys
The absolute and relative weights of the kidneys were signi®cantly greater in the boys than in the girls over 12 y. The absolute kidney weight and the weight indexed for body surface area were signi®cantly higher in the boys under 11 y, too. Liver weight indexed to body surface area was higher in the boys of the same age group, but there were no other signi®cant gender differences in the liver weights (Table 1) .
Coronary arteries
Most of the 210 children had not been reported to have any visible signs of coronary pathology, coronary intimal fatty streaks having been observed in six cases (2.9%), two girls and four boys. One 5 y old girl had fatty streaks in all the main coronary branches, while the others had at least one fatty streak in the left anterior descending artery. All of these individuals Adiposity and heart in children M-L Kortelainen had a relative weight above the mean value for their age group and ®ve of them had a ponderal index above the average (Table 2) .
Cardiac size vs measures of adiposity
After adjusting for age, the ponderal index had a signi®cant positive correlation with heart weight indexed to height 2.7 in both the boys (r 0.340, P`0.001) and the girls (r 0.260, P 0.038). The linear correlations (with 95% con®dence interval) between ponderal index and heart weight/height 2.7 for the boys and girls, respectively, are shown in Figures 1 and 2 .
Relative body weight also showed signi®cant positive correlation with heart weight/height 2.7 after adjusting for age in both the boys (r 0.333, P`0.001) and the girls (r 0.277, P 0.027). Linear correlations (with 95% con®dence interval) between relative weight and heart weight/height 2.7 are presented for the boys in Figure 3 and for the girls in Figure 4 .
The age-adjusted correlation between abdominal subcutaneous fat thickness and heart weight/height 2.7 also reached the level of signi®cance in the boys (r 0.177, P 0.045), but not in the girls (r 0.157, P 0.234). Linear correlations (with 95% con®dence interval) between abdominal subcutaneous fat and heart weight indexed for height are presented in Figures 5 and 6 for boys and girls, respectively. Figure 1 Linear relations of heart weight/height 2.7 to ponderal index in 5±15 y old boys; r 0.340, P 0.000, adjusted for age. Figure 2 Linear relations of heart weight/height 2.7 to ponderal index in 5±15 y old girls; r 0.260, P 0.038, adjusted for age. Figure 3 Linear relations of heart weight/height 2.7 to relative body weight in 5±15 y old boys; r 0.333, P 0.000, adjusted for age. Figure 4 Linear relations of heart weight/height 2.7 to relative body weight in 5±15 y old girls; r 0.277, P 0.027, adjusted for age.
When heart weight/height 2.7 was used as the dependent variable in the multiple linear regression model, the ponderal index was the only parameter which entered the regression for both boys and girls (B 0.4351, P`0.0001 for boys, B 0.4353, P 0.0062 for girls).
Size of liver and kidneys vs measures of obesity and heart size
The weights of the liver and kidneys, absolute or indexed to height, showed in general signi®cant positive correlations with the measures of adiposity. Liver and kidney weights were signi®cantly positively correlated with heart weight/height 2.7 in both male groups. Both absolute and relative kidney weights were also signi®cantly correlated with heart weight/ height 2.7 in the girls under 11 y (Table 3 ). In the multiple regression analysis, kidney weight/height (B 0.2608, P 0.0069), liver weight/height (B 0.2856, P 0.0046), ponderal index (B 0.1756, P 0.0399), height (B 70.4351, P`0.0001) and gender (B 70.1392, P 0.040) were statistically signi®cant independent correlates of heart weight/ height 2.7 .
Discussion
The present retrospective autopsy study of 5±15 y old children emphasizes the importance of body fatness as an associated factor in the development of early myocardial hypertrophy and coronary fatty streaks at an early age. Obesity has been regarded as one of the major cardiovascular risk factors, which tend to form a cluster from childhood onwards. 13 There is a considerable amount of clinical information available on the association between obesity and elevated blood pressure in children, 3 and echocardiographic studies have revealed greater left ventricular mass in overweight children than in the lean ones, 4 but obesity- Figure 6 Linear relations of heart weight/height 2.7 to abdominal subcutaneous fat thickness in 5±15 y old girls; r 0.157, P 0.234, adjusted for age. Figure 5 Linear relations of heart weight/height 2.7 to abdominal subcutaneous fat thickness in 5±15 y old boys; r 0.177, P 0.045, adjusted for age. Table 3 Partial correlation coef®cients, adjusted for age, between the absolute and relative weights of the liver and kidneys, and measures of obesity and heart weight/height 2.7 in 5±15 y old boys and girls Since mortality from violent causes is higher in males even in childhood, 21 the majority of the cases, as expected, were boys (n 145), and although the girls' group also proved to be quite representative (n 65), its smaller size may have affected the interpretation of the results.
The mean value for the absolute heart weight was higher in the boys, which is in accordance with clinical observations indicating greater left ventricular mass in boys. 5, 6 Also, normalization of heart weight to height, 17 produced higher results for the boys. This gender difference in heart weight became signi®cant in children over 12 y, which is in accordance with the observations on left ventricular growth in children. 22 P¯ieger et al 4 did not assess the effect of gender on the relationship between cardiac size and adiposity because of limited sample size, but the present autopsy results point to slightly closer correlations, that attained much higher statistical signi®cance, in the larger group of boys than in the girls.
Earlier autopsy ®ndings suggest that fatty streaks commonly appear in the coronary arteries during the second decade of life. 23 In the presents series, fatty streaks were documented in six individuals aged between 5 and 14 y, but there may have been some underestimation at the autopsies because only visual inspections had been made after cutting open the vessels. Sudan staining would probably have revealed minor fatty lesions in more than six cases. It is signi®cant, however, that the individuals with relative body weights below the mean value were not documented to have any fatty streaks at all in this relatively large series of autopsies. Statistical correlations are not presented here, as the visually estimated prevalence of fatty streaks was very low and statistical analysis would require a more speci®c quantitative evaluation of the lesions.
This may partly be the reason why Newman et al 1 did not ®nd any association between obesity and fatty streaks in young individuals. Future research will require microscopic characterization and more detailed quanti®cation of early coronary changes in obese and lean children in order to be able to perform more reliable statistical comparisons. The appearance of the initial lesions, type I lesions, 24 and also microscopic examination of the composition of the fatty streaks, or type II lesions, 24 would be important, as these changes may still be reversible and could possibly be in¯uenced by nutritional and weight reduction procedures.
It was not possible to estimate the lean body mass in this survey, because no information on skeletal muscle mass was available. The sizes of the internal organs such as the liver and kidneys do provide some indication of the relationship between overweight and fat free mass, however. Excess energy intake has been observed to stimulate tissue growth and protein synthesis in the rat liver, kidneys, skeletal muscle and heart. 25 The positive associations between the measures of adiposity, liver and kidney size and heart weight/height 2.7 in the present material may point to the role of both increased lean body mass and increased fat tissue in myocardial hypertrophy in children. The relationship between heart size and kidney/liver size was also independent of age, gender, height and ponderal index. The same phenomenon has already been shown for heart size-arterial relations.
26,27
Conclusions
The results of this retrospective autopsy survey point to an important role of excess body weight and adiposity in the development of myocardial and coronary changes in childhood, as coronary fatty streaks were not found at all in the leanest individuals in this relatively large series, while the cardiac size adjusted for body size indicated hypertrophy with increasing ponderal index and relative body weight. The thickness of the abdominal subcutaneous fat was the only direct measure of fat tissue which could be evaluated in this survey, but a signi®cant association was, however, found in boys for heart weight/height 2.7 and abdominal fat. As the origins of the metabolic syndrome and atherosclerotic development probably lie in childhood, prospective autopsy studies of childhood adiposity and fat tissue distribution, and especially the accumulation of intra-abdominal fat, are needed in order to ascertain how early the deleterious effects of overweight on the cardiovascular system actually occur. A research group at our institution has now started a long-term project to investigate the relation between the initial phases of coronary atherosclerosis, myocardial hypertrophy and obesity and to determine fat distribution patterns, hypothesizing that adiposity may be a more important cardiovascular risk factor than was previously thought.
